There are difficulties in direct comparisons of exposure levels and it is clear that once Thorotrast has been deposited in the tissues irradiation is constant, whereas exposure to VCM is always intermittent. VCM and Thorotrast. Source: Lancet, August 20, 1983 Radiation carcinogenesis is an extensively studied phenomenon and it is known that differences exist between this process and chemical carcinogenesis -Spirtas and his colleagues point out that there is no way of quantitating the 2 exposures in the same units. Do these observations have general implications? Where there is a rare, readily observable and distinctive tumour such as hepatic angiosarcoma as an end-point and clearly differing exposures to potential causative factors these comparisons are not too difficulty to make. Where multiple causative factors may be involved and there are confounding variables like diet as with carcinoma of the breast or colon it is difficulty to devise a good study. However, where it is possible this type of observation is valuable to the experimentalist as well as those concerned with industrial hygiene.
In simplified schemes of carcinogenesis (see Figure 2 ) the classical model of initiation and promotion requires that a change is produced in DNA by a carcinogen. The population of 'altered' cells is variable in size in a manner probably exposure-dependent but certainly dependent on repair mechanisms, since damaged DNA may be repaired by the fast mechanism before cell division occurs. A population of cells in repeated division is essential for the promotion of initiated cells; it seems that promoting agents may work by maintaining such a population. The sequence of events that results in the production of a neoplasm from the damaged nucleic acid is far from clear but the discovers of oncogenes seems to be providing a number of possible explanations.
All of these steps may vary in metabolic terms between different classes of compound and for physical agents such as radiation.
It is interesting to compare the figure of Spirtas et al. illustrating the years from onset of exposure to death with that of Kraemer et al. (1982) (see Figure 3) showing the early onset of skin and oral cavity neoplasms in Xeroderma pigmentosum (XDP). In this disease there is clinical ultraviolet sensitivity and defective DNA repair following the formation of pyrimidine dimers after UV radiation. The dimers are formed by the conversion into a cyclobutane ring of the double bands existing between carbons 5 and 6 of 2 adjacent pyrimidines of the There are a number of types of this disease depending on deficiencies of different enzymes in the repair mechanism, which is not accompanied by marked DNA breakdown. Sensitivity to chemical carcinogens may also be increased (Giannelli, 1976 ).
Using the literature as a source of data has probably provided Kraemer et al. with less complete ascertainment than the liver tumour workers. Nevertheless, in XDP tumours which are UV exposure-dependent and usually occur late in life (basal cell carcinoma and squamous cell carcinoma) occur earlier in affected individuals. More than half the XDP patients had their cutaneous neoplasms before the age of 10 years, while about 50% of the survey patients who developed skin lesions were over 60 years of age.
There is no tendency to produce unusual tumours in these individuals, what occurs is that neoplasms produced by a given stimulus with time are produced with a much shorter latent period. Antedating of the time of onset of tumours is seen in a number of syndromes where a commonly occurring tumour contains a sub-set of cases where genetic factors play a major part in causation, a further example is carcinoma of the colon in familial polyposis coli. We have found similar antedating of many types of tumours in rats exposed to radioactive phosphorus transplacentally (Berry et al., 1983) . It is possible that DNA repair mechanisms have a finite capacity -it would be surprising if this were not true in some cell populations. Certain types of injury may be more stressful than others in this respect; variation of this kind underlies the differential susceptibility of cells from DNA repair defective diseases to different kinds of injury, e.g. UV light in XDP, cross-linking agents in Fanconi's anaemia, and X-rays and alkylating agents in Ataxia telangiectasia (see Harnden, 1976) .
Differences of the kind identified by Spirtas et al. suggest that examinations of the effects of industrial carcinogens cannot be complete without a more detailed understanding of the metabolic pathways involved. Tumour induction is a variable effect, a readily observable end-point preceded by several steps, perhaps forward and back, along a given pathway. It is evident that these steps may be taken more rapidly, may be larger, or may be more consistently in the same direction in the production of angiosarcoma of the liver by vinyl chloride monomer rather than by Thorotrast. The nature of the steps should be clarified.
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